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To 2.0

NOSE

suMMARY

Fkee-flight tests were made of conical-shock nose inlet models
having cowls of fineness ratio 3 with five different profiles. Three of
the profiles were mostly conic, differing prharily in lip shape. The
fourth and fifth profiles were parabolic and NACA l-series, respectively.
External drag at an mgle of attack of 0° was determined at both super-
critical and subcritical flow rates and for three @al locations of the
25° hEdd?-anglecenter body. The Mach nuniberramge of the tests was from
0.8 to 2.0, and the Reynolds nuder basedon maximum body dismeter vsxied

from2x 106 to 7x 106, respectively.

For the parabolic and conic cowls, changing the axial location of
the center bcdy had little effect on the external-drag coefficient for
supercritical operation for the range of sxial cone positions tested.
Changing the external lip angle of the conic cowls from 5° to 170 restited
in only small changes in &ernal drag,at mmd.mum flow rates throughout
the Mach nuniberrange tested. At a Mach nuniberof about 1.1, the minimum
external drag appeared ~ependent of profile shape. As the Mach nuuiber
‘increased,the drag coefficients of the conic cowls became progressively
lower than that of either the parabolic or the l-series profile.

For Mch numbers greater than 1.5, where theoretical calculations
of the additive drag can be made, the measured increase in drag with
subcritical spillage was less than the theoretically caJ_culat6dadditive
drag. IntheMachnmiber range froml.1 to 1.4-,the external drag of
the conical-shock inlet models was, in general, lower than the drag of
normal-shock inlet mdels of similar profiles for a given.flow rate, but
the increase in drag with subcritical spillage was at least as rapid as
the increase in drag due to spillage of the similar normal-shock inlet
models.
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INTRODUCTION

As part of the inlet research program of
Research Division of the Langley Aeronautical

NACA RM L5&21a

.

.

the Pilotless Aircraft
Laboratory, some of the

effects of cowling profile shape on the drag of normal-shock nose inlets
were investigated and reported in reference 1. However, because its
total-pressure recovery is limited, the normal-shock inlet is of little
practical interest at Mach nuuibersabove 1.5. For higher Mach nuribers,
an external- or internal-compressioninlet is capable of developing
higher total-pressure recoveries. Therefore, as the next phase of the
inlet prowam, an investigation of conical-shock inlets has been con-
ducted over a range of Mach ntiers from 0.8 to 2.0.

The investigation&Ls conducted to determine some of the effects of
changes in cowling profile shape and axial cone position on the external
drag of some conical-shock inlets, and results are presented for a
series of cowls of fineness ratio 3, having inlet cowl areas equal to
24 percent of the maximm body frontal area. The testing technique used
was similar to that reported in reference 1. lh this case, however,
some of the flight tests were augmented by prior ground calibration tests.

A area, Sq ft

Acr critical area: area at which sonic velocity will be obtained,
assuming one-dimensional isentropic process, sq ft

CD drag coefficient, D

$oVo2Af

D drs& lb

I
H to~l pressure

M Mach nuuiber

m~~

i

rat o of mass flow of ah through the duct to mass flow of
a through a free-stream tube of area equal to inlet area
defined by lip diameter

P static pressure

I
I
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R Reynolds nuuibers,based on 7.O&inch body diameter

r radius, in.

v velocity

x longitudinal distance, measured from the
station, positive downstream, in.

7 ratio of specific heats, 1.40 for air

P ah density

maximmndiameter

3

(3Z cowling position parsmeter: angle between the inlet axis of
symmetry and a ld.nejoining the tip of the cone to the lip
of

Subscripts:

o free

the cowl

stream

1 inlet minimum annukr area station

f frontal

i inlet, at lip leading edge

e exit

tit internal

x external

were

MODELS

Conical-shock nose-inlet models having five
tested. All cowls were of fineness ratio 3

of 24 percent of the body frontal area. The center body employed had
a 250 ha~-angle cone. The general arrangement of the models, showing
the three axial locations of the cone that were tested, is presented in
figure 1 for a typical profile. The three cone positions, et = 46°,

42.5°, and39°, corresponded to desiWMachntiers of 1.8, 2.0, and2.3,
respectively. The parabolic afterbody line (table 1) and fin configu-
ration (fig. 1) were identical for all models and were the same as for
the models of reference 1. The afterbody, spun of 0.09-tich magnesium
and finished to a smooth, fair contour, formed the after portion of

--

.

different cowl shapes
end had an inlet mea
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the duct. The only difference in geometry between models of the same
cowl profile was a slight change in afterbody length. The duct exit
area was altered as required by cutting off the afterbody at the desired
station, thus keeping the pressure drag of the base a negligible quan-
tityby minimizing the area of the base annulus. F1OW ptiallel to the
duct center Me was insured by the use of convergent inserts with a
constant-area section at least 1.2 extt dismeters long (fig. 1).

Details of the various cowl shapes tested are shown in figure 2,
and coordinates are given in table I. Three of the cowls were formed
from truncated cones. The first of these was completely conic, having
a half-angle of 4.9°. @ etiernd and internal up angles were 4.9°
and 0°, respectively. This will be referred to as the 4.9-conic profile.
The second, employing a 4.70 hd.f-~le cone for the major portion of
the forebody, was modified in the region of the inlet lips. The initial
lip angles were I-20 externally and p internally. This profile will be
designated X2-conic. ‘IT&third profile empldyed a k.ko half-angle cone
for most of the forebdy with lip angles of 17° externally and 13°
internally. This willbe designated as the 17-conic profile.

The fourth cowl had the ssme lip shape as the 17-conic, followed by
a short conic section of 7.4° half single. The remahing portion of the
contour had a pa?%bol.ic-arcprofile, defined by a parabola with its
vertex at the maximum diameter. This cowl shape willbe designated
17-parabolic. The fifth profile tested will be designated the l-series
profile, and was in the notation of reference 2, the NACA 1-49-300. The
4.9-conic andthe MACA 1-49-300 cowls were identicalto cowls III and II,
respectively, of reference 1. The 17-conic employed the same truncated
conic forebody as did cowls IV and V of reference 1, but differed in lip
shape. The parabolic-arc portion of the 17-parabolic cowl was the same
as that of cowl II of reference 1.

For all cowls of the present investigation, the internal lines of
the diffuser and the shape of the center body, which were the same for a
given profile shape, were designed so that there was no internal con-
traction for all cone positions tested. .To distinguish between models of
the same cowl shape, but having different axial locations of the center
body, the cowlimg position parameter Ell is added to the profile desig-
nation. Thus, 17-conic&.5 will refer to the conic profile ha an

Texternal lip angle of 1P and a cowling position parameter of 42.5 .

Photographs of the models, showing the various profile shapes, are
presented in figure 3. The major physical characteristicshave been
tabulated and are presented in table II.

●

✎
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TESTS AMD TECHNIQUES

All models were propelled to maxbm Mach number by .a single booster
rocket motor equipped with four stabilizing fins. The models ‘were
k~chea at an elevation singleof 600 and fo~owed a zero-lift trajectory
at 0° angle of attack. All tests were conducted at the Pilotless Aircraft
Research Station at Wallops Island, Va.

TWO models, the 17-parabolic-42.5and the l-series, used 5-inch
HPAG rogket motors as boosters. AU the rest used the more powerful
6-tich ABL Deacon rocket motor. The two different rocket motors resulted
in different maxinumMachnumbers and a slight difference intestReynolds
number, as shown in figure 4.

Total-drag data were obtained durhg the decelerating portion of the
flight, after drsg separation of the booster. Computations were based
on the CW Doppler radax velocity measurements (corrected for flight-pdth
curvature snd winds aloft), the NACA mcdified SCR 584 radar trajectory
measurements, and radiosonde atmospheric measurements. Details of the
methd of computation’arepresented in reference 3..,

In order to facilitate the construction and testing of a large num-
ber of models, all models were flown without telemeter.’ The internal
drag was determined from calctitions, in conjunction witha few ground
calibration tests made in the preflight jet facility at Wallops Island.

To permit evaluation of internal &rag, the models were made so that
the flow at the exit would be sonic at supersonic speeds. The fairly
large contraction ratio of at least 4 to 1 from near the maximum-diameter
station to the exit assured sonic rather than supersonic exit velocities
and helped to provide uniform total pressure at the exit. The duct exit
was made cylindrical for at least 1.2 exit dismeters ahead of the exit
to aid in providing uniform static pressure at the exit.

w the 16 mcdels tested, 10were designedto operate at supercritical
flow rates, while the remainder were designed for subcritical operation.
The inlet was considered to be operating supercriticsllywhen the normal
shock occurred in the diffuser. Converselyj when there was no normal
shock in the diffuser, the inlet was considered to be operating
subcritically.

The duct exit area of the supercriticalmodels was made larger than
the inlet annular area so that the mass flow couldbe calculated for the
Mach nunber range of the tests. The method of computation is described
in the appendix, and the calculated values of m/~ and H& me
compsred with measured values in figure 5 for a supercritical model.

..
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The subcritical models had exit areas smaller than the inlet
annular areas. For these models, the variations of exit total-pressure
recovery and mass-flow ratio with Mach number, necess~ for the evalu-
ation of internal drag, were determined from ground tests in the manner
described in the appendix.

.

.

At ~ ~ 1.0, when the exit was no longer sonic, the internal drag
was assumed to be constant at the value calculated for ~ = 1.0. Data
presented in reference 1 and other unpublished data obtained from
normal-shock inlet models indicate this assumption to be valid with

Oi = 0.003.

The external drag is defined herein as the sum of the dragwise
components of the aerodynamic pressure and viscous forces acting on the
external surfaces of the model (exclusive of the center body) plus the
dragwise component of the aerodynamic forces acting on the etiernal
contour of the entering streamline. The external drag was obtainedby
subtractbg the internal drag from the total drag determined from the
Doppler radar. The data are believed to be accurate within the following
limits:

m/~.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .*O.02

%“.”””””””””””””””=”””” ““”””””””:;”:
M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

A

RESULTSAND DISCUSSION

Basic Data

The curves of external drag coefficient as a function of Mach number
for w configurationstested are presented in figure 6. me mass-flow
ratio curve associated with each drag curve is also given. The measured
maximum mass-flow ratios sre shown for those models tested in the pre-
flight jet. The data for the subcritical model u-conic-46 are shown
as a faired curve below a Mach number of 1.45 because excessive scatter
of approxbna.telytwice the previously noted estimated accuracy occurred
in the total-drag values in this lhch nuuiberrange.

For those profiles where data are presented for both supercritical
and subcritical operation of the inlet, the only difference in model
geometry is the afterbody length. Data presented in reference 1 for the
identical afterbody shape indicated that this difference inbcdy length
resulted in a mximum difference in external drag coefficient of about
0.003 for Mach numbers up to 1.5. It is therefofiebelieved that the
effect of afterbody length on the external drag coefficientspresented
herein is within the accuracy of the data at all Mach numbers.

—. — —
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Effect of Cone Position

Three profile shapes, 12-conic, 17-conic, and 17-parabolic, were
tested with alternate axial locations of the center lmdywhile maintaining
supercritical flow rates. As shown in figure 7, the effect of varying
ez on etiernal drag was the same for all three profiles. There was
little or no difference in external dxag as a result of varying the sxial
location of the cone. Similar results are presented in reference 4 for
a cumed cowl having an inlet mea equal to 43 percent of the msximum
frontal area.

Comparison of Profile Shapes

The external drag coefficients fdr vsxious profiles are
for 02 = 46° in figure 8(a) and for 07.s 42.5° in figure

compsred
8(b). U

data Me presented for supercritical flo~ rates. Because the center
body of the u-conic-42.5 (fig. 8(b)) was inadvertently made undersize,
the mass-flow ratio for this model is somewhat higher than for the other
models at transonfc speeds. At M= 1.1, the effect of profile shape on
the drag was small. As the Mach number increas~, the conic profiles had
the least drag while the l-series had the most. The drag coefficient of
the parabolic-profile model became somewhat higher than that of the conic,
being about 0.03 higher at M = 1.9 (fig. 8(a)). The effect of altering
the lip and forebciiyangles of the conic profiles appears tabe small
throughout the Mach nuiber range. These trends sre consistentwith the
results presented in reference 1 for normal-s~ock inlets.

Effect of Mass-Flow Ratio

Figure 9 presents the exkernal drag coefficient as a function of
mass-flow ratio for the various profiles at two Mach numbers. Points are
shown for both supercritical and subcritical operation. The two Mach
nuuibersselected are typical of two supersonic regions of flow. At
M > 1.5, the flow aft of the conical shock is completely supersonic, and
theoretical estimates of the additive drag maybe made relatively easily.
The data for M = 1.8 are presented as typical of this region and me
compared with the theoretical slope of the additive drag coefficient
determined by the method of reference 5. These slopes were then sxbi-
trarily faired through the experimentally determined external drag coef.
ficient at maxhum flow. The increase in tisg due to subcritical
spillage was consistently less than the theoretical estimates of additive
drag for all profiles tested. At supercritical flow rates, however, only
the 17-parabolic profile show&d less increase in drag than the theoretical
estimstes. Significant decreases in drag were achieved at a given mass-
flow ratio by altering the cone position to reduce the flow rate super-
criticslly rather thsm operating the inlet subcritically.

_ -—_____ —.-— .—. — — .- _— ..—_—
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For M< 1.5, theoretical estimates of the additive drag are more
difficult to make accurately and, in the Mach number region from 1.1
to 1.4, the data have been compared with the data of reference 1 for
normal-shock inlets having similar profiles. The results of this com-
parison are illustratedby the data for M = 1.3. The 4.9-conic and the
l-series profiles are compared with normal-shock inlets having the same
external lines. The 12-conic and 17-conic profiles are compared with
the beveled-lip conic profile of reference 1, which was formed from a
~~k~ h&f-angle truncated cone mmiifiedto have an initial lip angle

. . The 17-parabolic profile is compared with the parabolic-arc
profile of reference 1 which had an initial lip angle of 9.80.

With the exception of the l-series profile, the conical-shockmodels
had lower drag than the comparable normal-shock inlets at any given flow
rate for the range of mass-flow ratios tested. At the same flow rate,
the l-series conical-shock idet had essentially the same drsg at all
Mach numbers tested as did the NACA lA9-300.normal-shock inlet at the
flow rates investigated (fig. 9(e)). For the 17-conic (fig. 9(c)) and
the 17-parabolic (fig. 9(d)) profiles, vsrying et allowed as much as
15-percent reduction in Supercritical flow rate without significantly
affecting the drag. Decreasing the flow rate subcritically caused the
drag of the conical-shock imlets to rise at least as rapidlyas did the
~ of the comparable normal-shock inlet at

CONCLUSIONS

reduced flow rates.

Conical-shock inlet mcdels, having cowls of fineness ratio 3, were
tested over a range of Mach nuuibersfrom 0.8to 2.0, both at supercritical
and at sticritical flow rates. Five cowLhg profiles were tested. Three
of these were mostly conic, differing primarily in Up shape. The fourth
and fifth profiles were parabolic and NACA l-series, respectively. The
results of these tests and comparison with previously published data ‘
indicate the following conclusions:

1. For the parabolic and conic cowls, changing the axial location
of the center bodies had little effect on the external drag coefficient
for supercritical operation for the range of axial cone positions tested.

2.
lp had
out the

3.
profile

Changing the etierhal lip angle of the conic cowls from 5° to
little effect on the etiernal drag at maximum flow rates through-
Mach nuniberrange tested.

At M-1.1, the -minimum -ernal drag appeared independent of
shape. As Mach number increased, the drag

conic cowls became progressively lower than either
l-series profile.

coefficients of the
the parabolic or the

,

.

.

‘Ww2%!W5.....
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k. For M >1.7, where theoretical additive drag calculations can
be made, the measured increase in drsg with subcritical spillage was
less than the theoretically calculated values of additive drag.

‘j.The external drag of the conical-shock inlet models with conic
or psrabolic cowls was lqwer than the drag of normal-shock inlet models
of similar profile for a given flow rate for Mach rnmibersfrom 1.1 to
1.4, when comparative data were available.

6. In the Mach number range from l.lto 1.4, the increase tidrag
of the conical-shock “inletmodels as flow rate was decreased subcritically
was at.least as rapid as the increase in drag due to spillage of normal-
shock inlet models of similar profile.

Langley Aeronautical Laboratory,
National Advisory Comnittee for Aeronautics,

Langley Field, Vs., July 9, 1954.

1,

.
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AmENDIx

~ external dra-gWaS defined in the
component of the aerodynamic pressure and

.

.

usual manner as the dragwise
viscous forces acting on the

external surface of the body plus the dragwise component of the aero-
wrni,ssme forces acting on the external contour of the entering

The external drag was obtained by subtracting the titernal
drag from ;he total drag obtained from the CW Doppler radar and SCR >&
tracking radar measurements obtained in the manner indicated in refer-
ence 3. The internal drag was obtained by applying the momentum equa-
tion between the free stream ahead of the model and the duct exit:

(Al)

For all models, the exit was designed so that ~ = 1.0 for ~ >1.0.

The procedure used to determine the area of the enterihg free-stream
tube & and the duct exit static pressure pe differed for super-

critical and subcriticsJ_models, and is indicated below. For ~ <1.0,
when the exit was

value obtained at
models.

no longer sonic, ~i was assumed constant at the

~ = 1.0, for both supercritical and subcritical

SuperCritical.Operation of the Met

For ~ >1.4, the variation of ~, and hence of m/~, with &

can be calc&ated by means of conical flow theory for a given inlet
geometry. T?& curves presented in reference 6, obtained in this manner,
were used in the present paper.

For ~ < 1.4, the following equation was used to calculate &,
where the Mach number at the inlet is assmed to be sonic:

(J@

Al, the inlet minimum annular area, was calculated by averaging the
areas taken perpendiailar to the inlet internal lip and perpendicular
to the surface of the center body. Two values of inlet total-pressure
recovery Him were used in equation (A2), a value of 1.0 and a value
equal to normal-shock recovery, resulting in two significantlydifferent
values of ~ for ~ >1.3. A smooth curve, fatied from ~ = 1.0

.“

,.

— — —.
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l-l

between the points obtained in the above indicated manner, joined the

r curve obtained from conical-flow theory at M > 1.4. For ~ < 1.0, &

was calculated using an inlet recovery of 1.0 in equation (A2), thus com-
pleting the curve of & as a function of free-stream Mach number for

the ramge of the tests. An
be calculated from equation

andthup, for ~ = 1.0,

average total pressure at the exit can now
(A2) rewritten ti terms of the sonic exit:

Pe = o.52~

Sticr*tical Operation of the Iblet

(A3)

(A4)

The subcritical values of ~ were obtained from calibration tests
made in the pref~ght jet of the Pilotless Aircraft Research Station at
Wallops Istid, Va. (ref. 7). The variation of exit total-pressure
recovery with mass-flow ratio was measured for three models, 4.9-conic-42.5,
12-conic-42.5, and 17-conic-42.5, at each of four Mach numbers, 1.17,
1.42, 1.62, and 2.05. From the curves of exit total-pressure recovery
as a function of mass-flow ratio which were obtained, the values of
%/% @ & wtich satisfy equation (A3) for the exit area used with
the subcritical flight model were determined at each of the four test
Mach numbers. Curves of & and &/~ as a function of ~ were

then faired, all.owi@ determination of cD~t by equation (Al).

_.. . . ..——-————— — —.
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TAELE I.-

Afterbody
(all models)

x

o
5.60

10.27
15.87
21..47
24.27
30.80
35 ●70
42.70

r

3.14
2.84
2.65
2.15
1.68

.90

EWERNAL COORDINATES OF CONICAL-SHOCK MODELS

r 1From maximum diameter
I_

Forebody

2CIZ
4*9-coIlic

T-21. (x) I.-(l
-10.00 2.65

0 3.50

u-conic.

-21.oo 1o715
-20.75 J-.76o
-20.50 1.810
-20.25 1.850

0 3.500

17-conic

-21.00
-20.75
-20.50
-20.25
-20.00
-19.75

0

1.715
1.791
1.%8
1.913
1.945
1.978
3.500

-1

.
13

Forebody

x r

17-parabolic

-21..oo
-20.75
-20.50
-20.25
-20.00
-19.75
-16.00
-15.00
-10. m
-5.00
0

1.73.5
1.791
1.868
1 ● 913
1.945
1.978
2.464
2.589

3.095
3.399
3.5m

l-series

-a.oo 1.71
-20.79 1.90
-20.37 2.04
-19.95 2.15
-17.85 2.52
-14.70 2.87
-10.50 3.19

-6.30 3.39
0 3.50
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mat dim. ,

4.g-conic

l&conic

lT-coni,c

.7-parabolic

l-series

42.4
-

46
42.4

M
42.5

39

46
42.7
39

Conic, 4.9° ~-angle

conic, 4.70 half-mgle

Conic, 4.4° half-angle

Parabolic

h2.3 I?ACA1-49-3CX)

I

17 13

17
I

13

=--E=

*

*

Sub-
crit~col

.2.7’65

2.%9
-----

2.@
2.765
-----

2.%9
2.765
-----

-----

1!
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41 .375
.375

‘“~r’’”oo X+1 .4.7.00 3.405

If%
7-f

655 8.CKJ

-t

.

3“~r21”00
42.5° 7.00

IflL
+

1.871

‘“~r’’””” --
I

~go 7.m

IF%
t

2.11’7 I
Max. diam. ah.

+

.125

@

+

@

+

@

17-cOnio

Figure l.- General arrangement of mcdels. 17-conic. All dimensions are
in inches.
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4.90 . -

12

17

17

conic

conic

.

pal?aboliw

3.42
1.74J_ \\\\’m\~’’JJJ=)

~ Struts,3 equally spaced

~

t‘--J

1

.

“T1g
\ \ \ \ \ \ \ \ \\\\ \]j\

1.871+
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